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Highlights  

• RdRps are considered as an outlier to the “central dogma” pathway in the initial 

molecular biology. 

• RdRp, consisting of fingers, thumb and palm sub-domains, mainly performs the 

catalytic functions. 

• RdRp inhibitors reported in the last few years have been analysed for design and 

binding mode.  
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Abstract 

                  



With the arrival of the Covid-19 pandemic, anti-viral agents have regained center stage in the 

arena of medicine. Out of the various drug targets involved in managing RNA-viral 

infections, the one that dominates almost all RNA viruses is RdRp (RNA-dependent RNA 

polymerase). RdRp are proteins that are involved in the replication of RNA-based viruses. 

Inhibition of RdRps has been an integral approach for managing various viral infections such 

as dengue, influenza, HCV (Hepatitis), BVDV, etc. Inhibition of the coronavirus RdRp is 

currently rigorously explored for the treatment of Covid-19 related complications. So, 

keeping in view the importance and current relevance of this drug target, we have discussed 

the importance of RdRp in developing anti-viral agents against various viral diseases. 

Different reported inhibitors have also been discussed, and emphasis has been laid on 

highlighting the inhibitor’s pharmacophoric features and SAR profile.  
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1. Introduction 

Viruses are the most common infectious diseases causing agents. They typically contain 

RNA (Ribonucleic acid) or DNA (Deoxyribonucleic acid) as the core and source of genetic 

information encapsulated in a protein coat. One of the functions of the protein coats is to 

assist the virus in attaching to the host cell surface, followed by incursion and utilization of 

the host’s bio-machinery for replication. Therefore, based on genetic material, the viruses are 

of two types, RNA and DNA viruses, out of which RNA-viruses result in critical affliction on 

healthcare systems throughout the globe [1, 2]. Further, depending on the type of genome, 

RNA viruses can be categorized into double-stranded (dsRNA), positive sense single-strand 

(RNA), and negative sense single-strand (ssRNA) [3]. The most recent RNA virus causing a 

burden on the global health care system is severe acute respiratory syndrome virus 2, the 

causative agent of COVID-19 [4-8]. Targeting RNA-viruses and their management is 

complicated due to an intrinsic viral property of integrating the viral genetic material with the 

host cell genome, which helps them in bypassing the human immune system [9]. Further 

utilizing the host machinery, RNA viruses increase their genetic content [10]. Also, RNA 

viruses maintain mutation rates, which further complicates the management of viral diseases 

[11] [12].  

                  



With the advancements in current tools and techniques, all the essential proteins targeted to 

develop anti-virals are well-known. Still, RNA-dependent RNA polymerases (RdRps) remain 

among the most critical viral drug targets [13, 14]. It is involved in the genome replication 

process of an RNA from an RNA template, which is then involved in the encoding of some of 

the important proteins for the proper functioning and survival of viruses [15]. Following their 

functional parallel, RdRps also share structural resemblance with DNA polymerases and 

reverse transcriptases, which also require them to preserve conserved sequences and motifs 

through their span. Recently there are few reviews published on RdRps as potent anti-viral 

target [16-18] however they focus on either the structure of RdRp or on the chemical classes 

of the reported inhibitors, while this work provides the exploration of RdRp as target for 

different viral infection of positive-sense single-stranded RNA viruses along with the 

rationales and architecture on which different RdRp inhibitors are designed in the last five 

years. This work provides the binding mode analysis of different RdRp inhibitors which 

could be utilized for further designing of potent inhibitors. 

 

2. Structure of viral RNA-Dependent RNA Polymerases 

The core domain of RdRp, consisting of fingers, thumb and palm sub-domains, mainly 

performs the catalytic function involving binding of template, entry of nucleoside 

triphosphate (NTP), and polymerization (Figure 1). The palm sub-domain, present at the 

intersection of the thumb and fingers sub-domains, possess the majority of the conserved 

structural elements which are essential for the catalytic activity. In the palm sub-domain, a 

RNA Recognizing Motif (RRM) comprising of three-strands and catalytic aspartates is 

present [19]. The sub-domain is responsible for the identification of NTPs over deoxy NTPs 

and catalysis of phosphorylation reaction via metal ion coordination [20]. The palm sub-

domain is conformationally dynamic and following the binding of NTP, it undergoes 

significant restructuring to facilitate catalysis [21]. In some RdRp proteins, belonging to 

different RNA-viruses, shuffling in the sequence of the catalytic sub-domain results in an 

uncommon topology [22]. 

                  



 

Figure 1: 3-D structure of RdRp along with the motifs of palm, finger and thumb domains 

(PDB ID: 6M71) 

The residues in the thumb sub-domain are responsible for padding alongside the template 

RNA, which stabilizes the starting NTPs on the template. Following polymerization, thumb 

sub-domain is involved in the migration of newly formed templates [23, 24]. The fingers sub-

domain has a vital function of maintaining the architecture of the active site and holding the 

RNA template to facilitate polymerization [25]. This sub-domain aids in recognition of the 

template RNA via binding with the major groove. It consists of four intertwined fingers, 

which upon interacting with the thumb sub-domain, close the active site [26, 27]. 

Structurally, seven motifs (A-G) are present in viral RdRps which epitomizes the preserved 

structural constituents of RdRps [28]. The palm sub-domain contains motifs A to E and 

motifs G and F are present in the fingers sub-domain. In rare cases, RNA viruses possess an 

added motif H in the fingers sub-domains. A catalytic motif DX2-4D (an aspartate motif) 

having invariant first aspartate across numerous RdRps, is present in Motif A. Another 

aspartate, second in sequence, forms H-bond with 2’OH of the inbound NTP and therefore, 

along with a preserved asparagine of motif B, assists in the discernment of NTPs over deoxy 

NTPs [6]. In some RNA viruses, the concerned aspartate is replaced by a conserved lysine 

permitting them to utilize manganese as the cofactor, in place of magnesium [29]. While in 

Motif B, a threonine is present in the palm sub-domain, within the α-helix facing the active 

site, which contribute to the binding of the template RNA. It also links the N-terminal helix 

                  



rising from the palm sub-domain to a strand of the fingers sub-domain. Acting as a pivot, it 

accommodates conformational deviations linked to the binding of the template and the 

substrate [30]. Whereas in Motif C, a preserved GDD (Gly-Asp-Asp) motif indispensable for 

complexation with the metal ions is present. Structurally, motifs A and C are juxtaposed and 

help in forming the RRM. Also, the aspartate from DX2-4D and the preserved aspartates of 

GDD align with each other at the tip of the RRM to aid in catalysis [31]. Further, motif D 

possess conserved glycine which participate in the adjustment of the conformation due to 

proper NTP binding. Detailed studies disclosed that motif D, responsible to select NTPs, is 

one of the most dynamic elements with variation of around 6 Å [32]. It is also reported to be 

responsible for the migration of the thumb sub-domain in the course of elongation. While a 

preserved lysine of motif D performs the key job of deprotonating the leaving pyrophosphate 

group [33]. Moreover, there is a primer grip formed by motif E, which maintains the proper 

orientation of 3’-hydroxyl of the primer during catalysis. An aromatic residue present on the 

face of the N-terminal side pointing at motif C remains conserved in this motif [34]. 

Furthermore, there is a motif F which consists of positively charged amino acid residues that 

protect the negative charges of the incoming NTP’s phosphate groups by positioning 

themselves right above the palm sub-domain. This motif also contains a key conserved 

arginine in its C-terminal [28]. Lastly, motif G, consisting of loop, forms a part of the 

entrance tunnel for the template and also interacts with the priming NTPs [35].  

A lot of channels/tunnels which pass through in various directions are also part of RdRps. 

They connect the catalytic sites with the external surface of the protein [36]. These channels 

are also considered as key targets in the development of RdRp inhibitors. The template entry 

channels possess positively charged residues which favour the inward movement of template 

RNA and NTPs into the catalytic domain. Another channel eases the inward movement of the 

substrate and divalent cations into the catalytic domain and upon polymerization, also enables 

the discharge of the pyrophosphate moiety [37, 38]. Palm and thumb sub-domains both form 

an exit channel, which releases RNA template.  

3. FDA approved RdRp inhibitors and their binding mode 

There are several RdRp inhibitors approved by FDA for the management of different viral 

infections (Figure 2) as listed in the Table 1.  

Table 1: List of FDA approved RdRp inhibitors 

                  



S.No. Name Viral 

Infection 

Mode of action References 

1. Remdesivir 

(Phase 3) 

COVID-

19, Ebola 

virus 

It terminates the nascent viral RNA chains 

when interacted with them. 

[39, 40] 

2. PSI-7977 

(Sofosbuvir) 

Hepatitis C 

virus 

Specifically inhibits the hepatitis C NS5B 

protein, undergoes metabolism intracellularly 

and forms uridine analog triphosphate (GS-

461203), a pharmacologically active 

compound. 

[41] 

3. Galidesivir Flavivirus 

(broad 

spectrum) 

Competes with natural nucleotide at its binding 

site and changes the conformation of the viral 

enzyme by altering electrostatic interactions.  

[42] 

4. Ribavirin Hepatitis C 

virus 

The metabolite ribavirin as ribavirin 

triphosphate (RTP) inhibits viral mRNA 

polymerase.  

[43] 

5. Favipiravir Influenza  Phosphorylated favipiravir interferes with 

nascent RNA strand, and stops the elongation 

of RNA strand and prevents proliferation of 

virus. 

[44] 

6. Dasabuvir Hepatitis C 

virus 

Binds with NS5B polymerase in the palm 

domain and brings the structural changes 

which stops further extension of the viral 

genome. 

[43] 

 

                  



 

Figure 2- Binding mode of FDA-approved drugs in the catalytic domain of different viral 

RdRps 

4. RdRp inhibitors for various viral infections 

4.1. For BVDV (Bovine viral diarrhoea virus) 

In 2020, Ibba et al., designed and synthesized naphthoimidazole derivatives as an isosteric 

replacement of imidazoquinoline scaffold, earlier described by them as RdRp inhibitors in 

BVDV. They analysed the binding interaction to study the point of contacts of heteroatoms 

present in the scaffold with critical residues of the RdRp. Upon substitution of nitrogen in 

quinoline with a carbon prevented H-bond contact with Arg295 leading to a complete loss of 

inhibitory activity, as exhibited by their anti-viral assays. This analysis confirmed the 

relevance of interaction with Arg295. Although the top compound 1 did retain weak anti-viral 

activity, the isosteric replacement resulted in less active compounds (Figure 3). The study 

finally established that the interaction between the aromatic ring and Ser411 residue of the 

RdRp in itself is not accountable for anti-BVDV activity [45]. 

                  



Figure 3- Compound 1 as anti-BVDV agent with SAR analysis 

In 2020, Musiu et al., developed 104 quinolinecarboxamide analogues via optimizing two 

quinolinecarboxamide analogues, reported as selective inhibitors of RdRp of pestiviruses. 

They developed a 3D-QSAR model from these quinolinecarboxamide derivatives and 

concluded that introduction of aromatic rings with para substitutions of negatively charged 

groups at ring 1 enhances the activity. Similarly, addition of aromatic rings without para 

substitutions of negatively charged groups at ring 2 also enhances the activity (Figure 4). 

Further they selected a BVDV variants resistant to numerous RdRp inhibitors and found that 

it was only partially inhibited by these derivatives. It was observed that although the 

derivatives inhibited the wild-type replication complexes, they could not inhibit mutant 

replication complexes. Interestingly, the derivative (2) did inhibit the activity of replication 

complexes but they could not inhibit the purified RdRp [46].  

                  



 Figure 4 – SAR profile of compound 2 as anti-BVDV agent  

In 2018, Loddo et al., described the synthesis of 9-aminoacridine derivatives as anti-viral 

agents via RdRp inhibition. The molecules were found able to selectively inhibit BVDV 

replication. Most potent compound 3 (Figure 5) with EC50 value of 1.2 µM, showed 

favourable selectivity index in comparison to ribavirin (standard drug). All the derivatives 

had high CC50 values establishing the safety profile. Further the top molecules were subjected 

to biochemical assay for BVDV RdRp inhibitory potential. The analysis disclosed the 

compounds to have sub-micromolar level potency against RdRp. Further, ITC (Isothermal 

titration calorimetry) measurements were performed to determine their binding affinities, 

which were found to be in the range of 0.57–48 µM (Kd values). Detailed experimental 

analysis established that the 9-aminoacridine derivatives showed their action by inhibiting the 

replication of virus assembly via inhibition of RdRp of BVDV [47]. 

                  



 

Figure 5- Substituted 9-aminoacridine as potent molecule against BVDV RdRp target  

In 2017, Santacruz et al., presented a study involving development of a series of 

thiosemicarbazones and N4-aryl substituted thiosemicarbazones as probable anti-BVDV 

compounds. The cell-based biological validation established compound 4 as active derivative, 

with EC50 value of 0.7 ± 0.1 µM. For N4- thiosemicarbazones, the SAR analysis disclosed 

that di-methoxy substitution on the indanic ring is crucial for the activity. Additionally, N4-

aryl substitution on the thiosemicarbazone moiety is also a critical feature for the anti-viral 

potential. Furthermore, an electron-withdrawing group on the aryl ring linked to N4 site on 

the thiosemicarbazone improved the anti-BVDV activity (Figure 6) [48].  

 

Figure 6- 1-indanone and N4-aryl substituted thiosemicarbazones as potent anti-BVDV agent  

Previously in 2016, the same group reported the identification of 5 (3-(imidazo[1,2-a:5,4-

b’]dipyridin-2-yl)aniline) for the preferential inhibition of CPE (cytopathic effect) produced 

by BVDV using virus-cell-based assay, with the EC50-values of 13.0 ± 0.6 mM. Surprisingly, 

                  



this molecule showed no in vitro inhibitory potential against RdRp of recombinant BVDV, 

but exhibited inhibitory action against BVDV replication complexes in a dose-dependent 

manner. Through docking studies, it was recognized that the fingertip area in pestivirus RdRp 

is very vital for the inhibition of its function (Figure 7) [49]. 

 

Figure 7- Imidazodipyridinylaniline derivative as inhibitor of the replication of pestiviruses  

In 2011, Carta et al., expanded the quinoline ring with 1,2,3-triazole/imidazole/pyrazine to 

explore the cytotoxicity and anti-viral potential of linear N-tricyclic ring systems. Upon 

testing against representatives of different RNA viruses, these quinoline-based molecules 

could only potently inhibit BVDV. Out of the three classes, imidazoquinolines and 

pyridoquinoxalines had more potent anti-BVDV activity than triazoloquinolines. Overall, 

imidazoquinoline 6 (Figure 8), was more potent with selective activity against BVDV (EC50 

=1.2 µM) and potency comparable to that of 20-C-methyl-guanosine, a known Flaviviridae 

RdRp inhibitor. In addition, compound 6 also showed anti-HCV potential with EC50 = 3.1 

µM in a replicon assay [50]. 

                  



 

Figure 8- Imidazoquinolines derivative as anti-BVDV agent with SAR analysis 

In continuation to the previous study, Carta et al, designed, synthesis and evaluated a plethora 

of molecules with linear aromatic N-tricyclic scaffold. Following their previous work, 

whereby derivatives of imidazo[4,5-g]quinoline were found to be potent anti-BVDV agents, 

they extended the SAR via rational alterations of lead molecule, 2-phenyl-3H-imidazo[4,5-

g]quinoline, having EC50 value of 4 μM and no cellular toxicity. Various substitutions at 

multiple sites and replacing aryl ring with a furan ring resulted in 12 imidazo[4,5-g]quinoline 

based compounds. SAR analysis disclosed that chlorine/cyano at 4′ position of phenyl ring 

improves the anti-viral potential of the respective compound. Overall, 7 (EC50 = 0.3 μM) was 

found to be most potent amongst the whole series of compounds. Further in-silico 

experiments established the probable mechanism of action of the designed compounds. A 3D 

pharmacophore model was also developed, which disclosed that one aromatic hydrophobic 

feature and two H-bond acceptors were basic features required in a potent inhibitor. It was 

followed by MM/PBSA scoring, which disclosed the significance of a couple of RdRp amino 

acid residues, i.e., Arg295 and Tyr674, as the essential H-bond contacts (Figure 9), on the 

basis of enthalpic component of binding Gibbs free energy change [51]. 

                  



 

Figure 9- Imidazoquinoline derivative bearing cyano group as potent anti-BVDV agent 

4.2.For hepatitis C virus (HCV) 

In 2016, Meguellatia et al., developed pseudodimeric aurones, considering both structure-

based and ligand-based approaches of drug discovery, as inhibitors of NS5B (Nonstructural 

protein 5B) RdRp. Overall, they synthesized 14 compounds having a linker between the 

benzofuranone moieties and examined their HCV RdRp inhibitory potential using an in vitro 

assay. The most potent compound was found to be pseudodimeric aurone 8, with inhibitory 

activity of IC50 = 1.3 μM. The good inhibitory activity was attributed to the presence of 

phenyl ring as a spacer and -OH group at 4th and 6th position of benzofuran moiety (Figure 

10). The biological study also revealed that the distance between the two benzofuran moiety 

and shape of the molecule is also very important for its inhibitory action. Molecular docking 

analysis also highlight the significance of -OH groups as they form H-bond with Asn291. 

Hydrophobic interaction of benzofuran moiety with residues like Pro197, Met414, Tyr415, 

Ile447 and Tyr448 was also observed. Anti-HCV activity of pseudodimeric aurones was also 

evaluated using infectious model which signifies the correlation between the result of both 

HCV RdRp inhibitory activity and anti-HCV activity [52].  

                  



 

Figure 10- Pseudodimeric aurones with potential HCV RdRp inhibitory activity 

In 2016, Mohamed et al., synthesized series of pyrrole, pyrrolo[2,3-d]pyrimidine and 

pyrrolo[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives and evaluated them for HCV 

inhibitory activity. Pyrrole and pyrrolo[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine derivatives 

were found inactive against HCV genotype 4, while  pyrrolo[2,3-d]pyrimidine derivatives 

exhibited substantial inhibitory potential. Compound 9 with IC50 value of 82.1±10.3 µM, 

showed best potency amongst the pool, which indicated that pyrrolo[2,3-d]pyrimidine is 

crucial  nucleus for anti-HCV activity. Incorporation of arylamino group at 4th position also 

increased the anti-viral activity (Figure 11). Molecular docking studies revealed that 

compound 9 formed H-bond with Gln446 and exhibited a docking score of -24.92, kcal/mol. 

Overall findings concluded that this molecule can be used as lead compound for the 

designing of more potent anti-HCV agents [53]. 

 

Figure 11- Pyrrolo[2,3-d]pyrimidine derivative with potential HCV inhibitory activity 

                  



In 2016, Wei et al., described the utilization of random forest based virtual screening (RB-

VS) followed by e-pharmacophore (PB-VS), and molecular docking (DB-VS) based 

screening to filter HCV NS5B polymerase inhibitors. The protocol involved sequential use of 

the three methods (RB-VS, PB-VS and DB-VS) to filter InterBioScreen database. Finally, 5 

compounds were selected for further validation via biological assays. Upon biochemical and 

cell-based evaluation, all 5 hits inhibited NS5B polymerase with the IC50 values in low micro 

molar range (2.01–23.84 μM) and exhibited anti-HCV activity with EC50 values of 1.61 to 

21.88 μM, without any cytotoxicity (CC50 > 100 μM). Out of all, 10 showed top anti-viral 

potential for HCV inhibition (Figure 12) [54].   

 

Figure 12- Benzoxazole derivative as potent HCV NS5B polymerase inhibitor 

In 2015, Cakır et al., identified 5-arylidene-4-thiazolidinones as effective HCV NS5B 

polymerase inhibitors. A pool of 5-arylidene-4-thiazolidinones was synthesized and subjected 

to NS5B RdRp biochemical assay. The arylidene derivatives showed inhibition potential of 

71–91% against NS5B RdRp while compounds without arylidene group showed only 6–31% 

inhibition. The screening result of NS5B inhibitory activity yielded 11 (IC50 = 25.3 µM) as 

most active. During the high throughput cell-based anti-HCV screening, 11 showed inhibition 

of ≥70% in HCV RNA replication process with cell survival of ≤45% at 100 mM 

concentration. Molecular docking studies disclosed the various binding interactions including 

cation–π contact of Arg501 and 3-fluorophenyl ring,  and electrostatic interaction of 2-

chloro-6-fluorophenyl ring and Asn527/Arg422 residues in the thumb pocket-II of NS5B 

(Figure 13).  [55].  

                  



 

Figure 13- 5-arylidene-4-thiazolidinone derivative as potent inhibitor of HCV NS5B 

polymerase. 

In 2014, Therese et al., performed a comparative pharmacophore analysis studying the co-

crystallized HCV NS5B structures to explore the active conformation of the ligands inside 

the allosteric pockets of palm and thumb sub-domains. In the next step, a high-throughput 

virtual screening along with molecular docking exercise was performed to screen varied non-

peptide hits. The resulting top 10 hits, exhibiting different scaffolds, were then evaluated 

using NS5B and anti-HCV inhibition assays. Out of all, 12 was the most promising lead 

compound with benzimidazole scaffold (Figure 14), with IC50 value of 28.8 μM in NS5B 

biochemical assay and inhibition of 97% at 50 μM in anti-HCV cell-based assay [56]. 

 

Figure 14- Benzimidazole derivative with HCV NS5B inhibitory activity  

In 2013, Peng et al., synthesized many unique derivatives of anilinobenzothiazole and 

evaluated them for their inhibitory potential on viral genome replication as HCV RdRp 

                  



inhibitors. The compounds were in vitro evaluated for HCV RdRp inhibitory activity using 

Ava5 cells (cell with HCV replicon). They disclosed that compound 13 showed 76% 

inhibition of HCV RdRp activity in non-competitive manner and exhibited EC50 value of 8 ± 

0.5 µM. SAR analysis revealed that substituents at 4th position of phenyl ring were important 

for inhibitory action. Molecular docking experiment performed considering Thumb II Pocket 

of HCV RdRp suggested that compound 13 well occupied the pocket and was found to be 

surrounded by four main residues Leu419, Leu497, Arg501, and Trp528 which are 

responsible for its good inhibitory activity (Figure 15) [57].  

 

Figure 15- Anilinobenzothiazole derivative with HCV RdRp inhibitory activity 

4.3.For zika virus (ZIKV) 

In 2020, Wang et al designed and synthesized novel derivatives of 1,4-dibenzylsubstituted 

piperazine on the basis of an in-silico screening of an in-built small molecule library. In the 

next step, screened hits were evaluated for their cytopathic protection effect (CPE) using a 

standard ZIKV-infected Vero E6 cellular assay. Initial examination disclosed five unique 4-

amino-2-(4-benzylpiperazin-1-yl)methylbenzonitrile analogues having CPE lessening effects 

at micro-molar level. Furthermore, best hit 14 (Figure 16), at low micro-molar 

concentrations, showed a substantial dose-dependent anti-viral activity by inhibiting both 

RNA replication of  Zika and virus protein expression [58].  

                  



 

Figure 16- 1, 4-bibenzylsubstituted piperazine derivatives as Zika inhibitors 

In 2017, Pattnaik et al., identified potent RdRp inhibitors for ZIKV via structure-based 

approach. The study involved evaluation of virus replication inhibitory potential of a library 

of small molecules via virtual screening, followed by validation of the screened hits using 

cell-based in vitro assays. Out of all, 15 was found to effectively inhibit ZIKV replication at 

nano molar concentrations with IC50 of 94 nM. Further, docking experiments were 

implemented to study the conformation and binding pose of 15 (Figure 17), within the 

catalytic pocket of RdRp, which disclosed the allosteric mechanism involved in blocking the 

viral RNA synthesis. The two H-bond formed with residues Asp535 and Asp665 were key 

interactions as these coordinate with divalent metal ions (Mg2+) [59] .  

 

Figure 17- Binding pattern of 32 as potential drug candidate for ZIKV infections. 

4.4. For Chikungunya virus (CHIKV) 

                  



In 2020, Kovacikova and Hemert discussed small molecule inhibitors for chikungunya virus, 

focussing on viral targets, mode of action, and mechanisms of antiviral drug resistance along 

with associated mutations [60]. In 2019, Yoon et al., designed and developed 6′-fluorinated 

analogues of aristeromycin, targeting viral RdRp along with SAH hydrolase of the host. The 

SAR analysis of the 6′-fluorinated aristeromycin analogues disclosed that incorporating 

fluorine on 6′-position upsurges the SAH hydrolase inhibitory activity along with inhibition 

of replication in certain +RNA viruses. It was also found that the 6′-fluorinated analogues 

more efficiently inhibited SAH hydrolase activity than the 6′-unsubstituted derivatives. 

Amongst all, 6′-β-fluoroaristeromycin, 16 (Figure 18), proved to be better inhibitor for 

MERS-CoV replication, having an EC50 value of 0.20 μM. [61].  

 

Figure 18-6′-fluorinated aristeromycin analogues with inhibitory effect against Chikungunya 

virus 

Wada et al, in 2017, screened chemical libraries virtually and found one candidate, a 

benzimidazole-based compound (17, Figure 19), which at nano molar range, might 

potentially manage the infection of numerous CHIKV strains. Further to study the 

mechanism of inhibition, a resistant CHIKV (res-CHIKV) was isolated, which was then 

subjected to reverse-genetic recombinant CHIKVs to identify the key mutation associated 

with resistance. This detailed analysis disclosed that at the target site in the RdRp, the 

Met2295 residue was crucial for the binding of 9. They also confirmed that 9 used CHIKV 

replicons to inhibit the function of CHIKV RdRp [62]. 

                  



 

Figure 19- Benzimidazole related compound as anti-CHIKV agent 

4.5. For covid-19 

In 2020, Khan et al., screened NANPDB database for SARS-CoV-2 utilizing molecular 

docking approach. Out of all, 42 molecules showed improved docking score than Remdesivir. 

Top 5 hits along with top hit, 18, were subjected to MD simulation and free binding energy 

calculations, predicting better binding affinity than Remdesivir. Compound 18 (Diosmetin-7-

O-Beta-D-apiofuranoside) exhibited high binding affinity score of −10.4 kcal/mol when 

compared to Remdesivir (−7.1 kcal/mol). It overall formed several H-bonds with different 

amino acid residues like Trp617, Tyr619, Lys621, Cys622, Asp623, Asp760, Asp761, 

Ala762, and Trp800, along with hydrophobic contacts with residues such as Asp618, Lys798, 

Glu811. Molinspiration Cheminformatics tool revealed the bioactivity score of 18 (Figure 

20) as 0.36 which is quite similar to Remdesivir (0.38). Finally, compound 18 was also found 

to comply pharmacokinetic rules such as Log P, hydrogen bond donor and acceptors  [63].  

 

Figure 20- Docking interactions of Diosmetin-7-O-Beta-D-apiofuranoside 

                  



In 2020, Athar and Beg elaborated the function of anti-HIV and anti-HCV drugs in inhibiting 

RdRp of SARS CoV 2. The study involved homology modelling followed by validation of 

the obtained protein structure and docking experiments to study the binding potential of 

HIV/HCV drugs with RdRp. Results suggested that Nelfinavir, Raltegravir and Delavirdine, 

out of the studied anti-HIV, and Paritaprevir, Beclabuvir and Ledipasvir, out of the studied 

anti-HCV, might has potential to inhibit RdRp of SARS CoV-2 [64].  

Procacci et al., in the year 2020 disclosed that HCQ (hydroxychloroquine) might behave as a 

moderate inhibitor of some SARS-CoV2 replication functional proteins. They utilized both 

enhanced sampling MD techniques and non-equilibrium alchemical transformations together. 

The ∆G0 value for PLpro was found to be 7.7 ± 0.9 kcal/mol, while for 3CLpro, it was 8.5 

±1.1 kcal/mol, and for RdRp, it was 9.1± 1.4 kcal/mol. Further by analysing the state in 

bound configurations, they could enhance the affinity for 3CLpro, leading to a HCQ-based, 

19, with ∆G0 value = 9.8 ± 1.4 kcal/mol. The binding potential increased upon introducing 

methyl-naphtyl moiety which enhances the hydrophobic interactions (Figure 21). Also, the -

OH of 19 made H-bond with Ser46 residue [65]. 

 

Figure 21- A novel HCQ-inspired compound with docking interactions 

Gordon et al., described the mechanistic study of RdRp inhibition via remdesivir in MERS-

CoV. Study involved expression of non-structural proteins including RdRp, as a part a 

polyprotein in insect cells. Further analysis demonstrated that an active complex involves 

both nsp8 and nsp12 (RdRp) along with remdesivir (triphosphate), which contests with ATP, 

an RdRp substrate. Importantly, it was observed that active complex had preference for 

remdesivir-triphosphate over ATP and two other nucleotide analogues which reflects that it is 

more proficiently assimilated. The mechanism of remdesivir was found to be delay in RNA 

chain termination. Overall, this study helped in explaining the affinity potential of remdesivir 

against RNA viruses [66]. 

                  



4.6. For Dengue virus (DENV) 

In 2020, Wan et al., utilized the five-component reaction to synthesize derivatives of 

octahydroquinazoline-5-one (OHQs). The compounds were tested for anti-dengue activity by 

lactate dehydrogenase release assay in DENV-2 infected BHK-21 cells. Results suggested 

that octahydroquinazoline-5-one bearing 4-BrPh at 2nd position exhibited maximum activity 

(EC50 = 2.85 µM) amongst all in the series. Further they performed SAR analysis by 

introducing different substituents at 2nd position. It was observed that at 2nd position of 

OHQs, phenyl substitutent with electron withdrawing group at its para position showed good 

activity (Figure 22). In addition, OHQs with 3-BrPh resulted into a most potent compound 

20 (EC50 = 1.31 ± 0.21 µM) [67]. 

 

Figure 22- Octahydroquinazoline-5-ones with potential anti-dengue activity 

In 2019, Shimizu et al., employed a HTS (high throughput screen) to filter a library of 16,240 

molecules and identified a hit molecule 21. The molecule was tested against four types of 

dengue i.e. DENV1-4 and displayed EC50 values from 6.0 to 31.9 μM. Considering best for 

DENV2 (EC50 = 6.0 μM), 21 was docked in DENV2 RdRp protein. Docking analysis 

identified two binding sites (Site 1 on thumb sub-domain and site 2 on palm-subdomain) for 

21 within the RdRp. The residues like Cys780, Tyr882, Met809 surrounds benzoxathiole ring 

of 21 and acetate group showed interactions with Trp833, Arg773 (Figure 23). While in site 

2 benzoxathiole ring is surrounded by Glu510, Gly511, Ser661, and Cys709.  Cysteine 

residue was the common residue for site 1 and site 2 and have close binding contact with 21. 

                  



Also, the mutation analysis of Cys to Ala revealed that interaction of compound with cysteine 

is important for its anti-viral action [68].  

 

Figure 23- Compound 21 showing the interacting residues in the active domain of DENV2 

RdRp 

In 2018, Lim et al., identified a biphenyl acetic acid fragment targeting unique binding site, 

present at the thumb/palm boundary near to its N pocket, in the RdRp of dengue virus 

(DENV). They utilized a fragment-based screening via co-crystallized structure. Structure-

directed modification resulted in a pool of nano molar range RdRp inhibitors (22; Figure 24), 

which also showed sub-micro molar level EC50 values in cell-based assays [69]. 

 

Figure 24- Compound 14 with potential DENV RdRp inhibitory activity 

In 2017, Pelliccia et al., reported putative anti-DENV inhibitor which targets the NS5 RdRp. 

They recognized five lead molecules which showed potent anti-DENV activity. Out of five 

lead molecules, compound 23 (Figure 25), EC50 = 5.99 ± 0.30 µM, exhibited most prominent 

anti-RdRp activity in cell-based assay. Further, enzymatic assays also confirmed the anti-

                  



RdRp activity of 23 with EC50 of 4.87 ± 0.24 µM. In-vivo DENV-infected ICR-suckling 

mouse model was used to evaluate the anti-DENV activity, which established that compound 

23 was able to treat the DENV infection of mice [70]. 

 

Figure 25- Pyrazole derivative with potential RdRp inhibitory activity 

In 2016, Tarantino et al., identified a pyridobenzothiazole compound, 24, via an in silico 

docking approach. The compound was found to exhibit dengue RdRp inhibitory activity with 

IC50 = 1.5±0.2 µM. Crystallographic analysis displayed that 24 was found to interact in the 

binding domain of fingers and priming loop of DENV 3 RdRp. Phenolic ring of 16 exhibited 

π-π stacking interaction with Trp795 in the priming loop which stabilized the molecule. 

Though, the bulky cyclohexane ring lead to loss of H-bonding with side chain Asn492 

(Figure 26). Further, mutational analyses identified a new binding cavity i.e site 2, out of the 

primary loop. Interactions like H-bond with Cys753 was also observed, suggesting the 

importance of site 2 in RdRp inhibition.  [71].  

 

                  



Figure 26- Pyridobenzothiazole derivative with dengue RdRp inhibitory activity 

In 2016, Benmansour et al., reported various non-nucleoside based inhibitors of viral 

polymerase of dengue by modifying the N-phenyl-3- arylacrylamide scaffold of hit molecule 

((2E)-N-(2- hydroxy-4-nitrophenyl)-3-(5-nitrothiophen-2-yl)prop-2-enamide). The 1,3,4-

oxadiazoles and 1,2,4-oxadiazoles derivatives of the same hit compound were developed and 

evaluated for DENV-2 RdRp. It resulted in a potent compound 25 (bearing 1,2,4-oxadiazole 

moiety) with IC50 value of 2.2 ± 0.1µM. The compound also exhibited anti-viral activity in 

micromolar concentration, when tested against DENV-infected Vero cells. SAR analysis 

indicated that presence of 4-chlorophenyl at 3rd position of oxadiazole moiety is important for 

DENV-2 RdRp activity (Figure 27). In addition, bromo group at thiophene is also crucial for 

anti-viral activity [72].  

 

Figure 27- 1,2,4-oxadiazole derivative as potent DENV-2 RdRp inhibitor. 

In 2015, Manvar et al., described the development of coupled thiazolidinone-thiadiazole 

molecules as novel inhibitors of DENV-2 NS5 RdRp. Around 40 molecules bearing different 

substituents on thiazolidinone and thiadiazole rings were synthesized. Out of them, 26 (IC50 = 

2.1 µM) emerged as a potent compound. SAR study showed that 3-fluorobenzylidene at C5 

of the thiazolidinone nucleus is important for activity (Figure 28). Also, the existence of 2-

chlorophenyl at C5 in the 1,3,4-thiadiazole ring is crucial. Molecular docking studies 

identified five binding sites (S1-S5). S1 is recognized as palm, S2 and S3 covers thumb 

pocket I and II, and S5 is located at fingers of protein. Binding energy score revealed site 3 

with thumb pocket-II as desirable binding domain for compound 26 [73]The H-bond 

interactions were observed between NH of thiazolidinone ring and Pro884, and between 

                  



imine group and Ser885. The fluorobenzylidene group showed aromatic interaction with 

Tyr882 whereas chloro group exhibited electrostatic interaction with Asn777 [73]. 

 

Figure 28- Hybrid thiazolidinone-thiadiazole derivative as DENV-2 NS5 RdRp inhibitor 

 

4.7.For influenza virus 

In 2019, Yang et al., detailed the discovery of novel derivatives containing 5-(5-fluoro-1H-

pyrrolo[2,3-b]pyridin-3-yl)pyrazin-2(1H)-one skeleton as inhibitors of PB2 (a significant 

subunit of influenza RdRp). Biological evaluation results revealed compound 27 as one of the 

most potent compound among the series with sub-micro molar Kd values in surface plasmon 

resonance (SPR; 0.11 μM) and isothermal titration calorimetry (ITC; 0.19 μM) assays. 

Compound 27, when examined for in-vitro anti-viral activity, showed higher EC50 value 

(1.025 μM) than standard drug Ribavirin (9.116 μM). Molecular docking analysis disclosed 

that scaffold of compound 27 formed many important interactions like H-bond with Lys376 

and Glu361 residues, electrostatic interaction as well as H-bond with Arg355 and π-π 

interactions with His357. SAR studies indicated the importance of ethyl group at N-1 of 

pyrazine ring of compound 27 (Figure 29), if replaced by higher bulky group, a decrease in 

the anti-viral activity was observed [74]. 

                  



 

Figure 29- 5-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrazin-2(1H)-one as potent PB2 

inhibitor for the treatment of influenza. 

In 2019, Zhao et al., worked on identifying inhibitors of influenza A via screening strategy 

focussed on the transcription/replication stages by means of an RdRp-focussed filter. 

Followed by employing those same molecules in a replication-competent reporter virus-based 

approach. A library of natural product derived compounds (891 molecules) was subjected to 

the same approach to validate its utility, which established the primary screen to be rigorous 

for screening RdRp inhibitors for influenza A virus. In conclusion, out of the two screened 

hits, one was confirmed as a RdRp inhibitor [75]. 

In 2014, Lepri et al., designed various molecules as RdRp inhibitors aiming at PA−PB1 

(polymerase acidic protein-basic protein 1) complex by modifying the chemical space of a 

molecule containing thiophene-3-carboxamide and pyrazolo[1,5-a]pyrimidine scaffolds [76], 

which was previously proved to possess RdRp inhibitory activity. Two approaches were 

utilized for the design of new compounds but thiophene-3-carboxamide moiety was 

preserved as an important moiety responsible for RdRp inhibition. Firstly, various new 

structural features were introduced to explore the interactions capable of interrupting of 

PA−PB1 complex. The second step utilized scaffold hopping to find new hits with different 

scaffolds as PA−PB1 complex inhibitor. When pyrazolo[1,5-a]pyrimidine was substituted 

with triazolo-pyrimidine ring, the PA−PB1 inhibitory activity increased three times. As a 

                  



result, compound 28 containing triazolo-pyrimidine moiety with CF3 and cyclohexane 

substituents exhibited IC50 value of 7.5 ± 0.7 μM in ELISA PA−PB1 interaction assay. These 

results concluded that derivatives with linear shape are responsible for the good inhibitory 

activity. Scaffold hopping also resulted in a compound containing sulphonamide moiety with 

similar inhibitory activity as that of compound 28 (Figure 30). Compounds 28 was also 

tested against FluA and FluB strains and displayed significant anti-viral potential. [77]. 

Figure 30- Compound 26 as potent PA−PB1 inhibitor for treatment of the influenza  

4.8. For norovirus 

In 2020, Yi et al., explored the N-pocket in the RdRp of dengue virus (DENV) and its 

comparable B-site in the RdRp of human norovirus (hNV). They executed a structure-based 

virtual screening in parallel, considering both the binding sites, to identify hits which can 

hamper RdRps of hNV and DENV. They positively recognized Entrectinib (29) as an 

effective inhibitor of RdRps of both hNV and DENV. Explicitly, 29 displayed dose-

responsive inhibition of both MNV (murine norovirus) and DENV2 with the IC50 values of 

2.01 and 2.43 mM, respectively. It is reported to bind to respective RdRps and efficiently 

inhibit the catalytic function in the biological assays. The indazole ring of compound 29 

exhibit cation-π interaction with Arg392 (Figure 31). It also interacts with other residues like 

Val504, Glu506, and Asp507 in C-terminal of NV-RdRp.  [78].  

                  



 

Figure 31- Entrectinib as potent compound for dual inhibition of hNV RdRp and DENV 

RdRp 

In 2019, Harmalkar et al., designed various stilbene analogs and tested their inhibitory effect 

on RNA replication in human norovirus (HNV) by means of HG23, a replicon-bearing viral 

cell line. Initially, authors screened a large number of natural products against NV which 

resulted into a hit containing stilbene and vinyl moiety. Taking this hit into consideration, 

various new compounds were synthesized by introducing substituted amides. Many amide 

derivatives possessed anti-NV activity with EC50 values within 1 to 2 μM. However, 

introduction of piperazine amide resulted in a potent compound 30 with 95.8% inhibition of 

NV replication. Moreover, compound 30 (Figure 32) also showed good safety profile with 

therapeutic index of 41.2 and also showed less toxicity showing the maximum suppressive 

action on replication of virus [79].  

 

Figure 32- Modified stilbene analog with piperazine moiety as inhibitor of NV replication 

                  



In 2019, Giancotti et al., modified the skeleton of a HuNoV RdRp inhibitor and an inhibitor 

of Zika virus polymerase to design modified inhibitors for HuNoV RdRp. They synthesized 

12 compounds and almost all the compounds showed partial inhibition of HuNoV (Human 

Noravirus) RdRp activity in in-vitro assays. Especially, out of 12, 5 compounds appeared to 

cause decrease in MNV-induced cytopathic effect with micro molar range EC50 values. Also, 

these compounds were not found substantially cytotoxic. These five hits were further 

subjected to human norovirus replicon assay possessing a geno-group GI. One of the 5 hits, 

31 (Figure 33), having a novel anti-viral scaffold, showed EC50 values in the low micro 

molar level in inhibiting HuNoV replication [80].  

 

Figure 33- Compound 31 as potent HuNoV RdRp inhibitor 

In 2014, Tarantino et al., evaluated naphthalene di-sulfonate (NAF2), a fragment-molecule 

derivative from suramin and NF023 (previously reported RdRp inhibitor of norovirus) [81] 

for their inhibitory action against Norovirus RdRp. This compound showed less RdRp 

inhibitory activity (IC50 = 14 µM) when tested in polymerase inhibition assays. However, this 

fragment molecule binds to thumb domain which is different binding site when compared to 

NF023 and suramin. Additionally, another structurally correlated molecule PPNDS (32; 

pyridoxal-5’-phosphate-6-(2’-naphthylazo-6’-nitro-4’,8’-disulfonate) tetrasodium salt) was 

tested for human Norovirus RdRp activity. The compound 32 exhibited IC50 value of 0.45 

µM which is quite closer to suramin (0.24 ± 0.08 µM). Compound 32 also occupied well the 

thumb domain of hNV-RdRp protein. Various substituents of PPNDS showed many contacts 

including hydrophobic interactions of nitro group with Leu406, Ile411, Leu443 and Val504. 

The carbonyl group of pyridoxal ring showed H-bond with Glu168 residue. The sulfonate 

group at 4th and 8th position on naphthalene ring formed H-bond with Ser410 and Gln414 

(Figure 34). These findings highlighted the significance of binding site (thumb domain) for 

further development of Norovirus RdRp inhibitors [82]. 

                  



 

Figure 34- PPNDS as potent molecule with hNV-RdRp inhibitory activity. 

5. Key observations for designing RdRp inhibitors against different viruses 

Upon careful investigation of all the small molecule inhibitors reported as RdRp inhibitors 

for different viruses, some generalizations can be made. Therefore, here we will highlight the 

key structural features needed, in each virus type discussed above, to design potent RdRp 

inhibitors. Firstly, for RdRp inhibitors of BVDV, the most important requirements include H-

bond interactions of the scaffold or substituents of the designed hits and Arg264, E265, 

Arg285, Arg295 and Y674 amino acid residues in the binding pocket. In case of HCV, the 

most important requirements include H-bond interactions with Asn291, Arg422, Gln446 and 

Ser476, and hydrophobic interactions with residues like Pro197, Met414, Tyr415, Ile447 and 

Tyr448 in the binding pocket. While to design RdRp inhibitors for Zika, attention should be 

given to incorporate pharmacophoric features which could form two H-bond interactions with 

D535 and D665 amino acid residues as these coordinates with divalent metal ions (Mg2+) in 

the pocket. In chikungunya, analysis of recent RdRp inhibitors suggests that interaction with 

M2295 at the target site in the RdRp is crucial for the binding and inhibition. In case of 

dengue, prospective RdRp inhibitors are expected to occupy two sites in the binding pocket. 

In one site interactions with Cys780, Tyr882 and Met809 are considered crucial while in the 

                  



other site interactions with Glu510, Gly511, Ser661, and Cys709 are considered vital. To 

design the RdRp inhibitors for influenza, focus should be laid on the molecules which could 

form H-bond with Lys376, Glu361 and Arg355, along with π-π interactions with His357. In 

case of norovirus, RdRp inhibitors need to form H-bond interactions with Glu168, Ser410 

and Gln414. However, a more important elucidation from these observations is the fact that 

different RdRp inhibitors are quite selective for the class of virus they are designed due to the 

different pharmacophoric requirements in each case and therefore, a more focussed and 

specific approach should be followed to design RdRp inhibitors. 

 

6. Conclusion 

Although anti-viral research has been continuous, COVID-19 has highlighted a need for a 

renewed focus on the management and treatment of viral infections. One of the key reasons 

for this alarming situation is incidence of the novel variants of previously manageable viral 

classes. The development of anti-viral drugs has become a key task for medicinal chemistry 

researchers in this past horrible year. And out of all the known protein targets from the viral 

genome, RdRp remains most sought-after target for the family of RNA-viruses. Expectedly, 

Molnupiravir, an RdRp inhibitor developed by Merck, has been approved by the FDA for the 

management of Covid-19 indicating the efficacy of RdRp targeted agents for the management 

of current pandemic. Consideration of the structure of viral RdRp is crucial for accurate 

computational as well as knowledge-based drug discovery protocols for pathological 

conditions like COVID-19. Therefore, the information provided in this compilation could be 

utilized to increase the library of pre-clinical molecules having potency and efficacy against 

Covid-19. The main composition of RdRps is quite similar to that of DNA and RNA 

polymerases, including motifs and sub-domains. Therefore, it is presumed that individually 

every RdRp inhibitor might possess common structural features or binding conformations 

that can explain a similar inhibitory effect throughout the RNA virus family. However, our 

compilation clearly suggests that RdRps belonging to different viruses have different crucial 

interaction points in their binding pocket and in each case, inhibitors require different 

pharmacophoric features to have significant affinity. This observation also hints at one of the 

reasons of why already reported RdRp inhibitors did not fare well against Covid-19.  

Accordingly, in the current review, the diverse RdRp inhibitors reported in the last few years 

have been analysed to draw conclusions about the designing of RdRp inhibitors. The 

                  



structure activity relationship profile and binding conformations of the reported inhibitors are 

also discussed to elucidate some generalisations for the designing of further potent inhibitors. 

Overall, the information can be utilized to increase preclinical candidates targeting RdRp for 

current global pandemic. 
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